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Host  pollution  ‘from  aircraft  it  Stapleton  Internet ional  Airport  (DEN)  is 
the  result  of  pre-takeof  f  delays.  These  delays  result  in  aircraft  queues 
which  increase  the  time  that  aircraft  engines  must  operate  on  the  ground. 
In  just  about  every  case  these  queues,  and  the  pollution  they  create,  are 
reduced  or  completely  eliminated  when  new  runways  are  added. 

This  conclusion  was  based  upon  current  estimates  of  peak  hour  motor 
vehicle  and  aircraft  activity  at  the  airport  and  the  application  of  these 
peak  hour  values  to  all  hours  modeled.  This  approach  provided 
conservative  air  quality  estimates  for  the  two  8-hour  meteorolgical  data 
sets  provided  by  the  Colorado  Department  of  Health  (CDH)  since  both  data 
sets  extended  into  the  late  evening  hours  where  there  was  little  aircraft 
or  motor  vehicle  activity. 

A  major  result  expected  from  the  runway  expansion  at  Stapleton 
Internal i onal  Airport  is  reduced  delays  and  therefore  reduced  pollution 
from  aircraft. 

BACKGROUND 

At  the  request  of  Colorado  Department  of  Health  (CDH),  the  Federal 
Aviation  Administration  (FAA)  conducted  an  analysis  of  motor  vehicle 
pollution  at  DEN.  This  study  was  performed  in  conjunction  with  the  runway 
expansion  investigations  at  the  airport.  On  July  1,  the  documentation  of 
this  study  was  transmitted  to  the  CDH  as  report  FAA-EE-86-7  (Reference  1). 

After  reviewing  this  report,  the  CDH  requested  the  following  information: 

1.  An  assessment  of  pollution  from  both  aircraft  and  motor  vehicles 
using  two  sets  of  8-hour  meteorological  data  provided  by  the  CDH. 

2.  An  assessment  of  the  pollution  from  motor  vehicles  and  aircraft 
using  1-hour  "worst  case"  meteorology.  This  assessment  would 
consist  of  the  addition  of  aircraft  to  the  motor  vehicle  analysis 
of  Reference  1 . 

3.  The  expansion  of  the  motor  vehicle  analysis  of  Reference  1  to 
include  a  wider  vtriety  of  wind  directions.  The  CDH  recommended 
that  wind  directions  of  180,  200,  225  and  330  degrees  be  modeled 
since  only  westerly  wind  directions  <240  and  270  degrees)  were 
modeled  in  the  original  study. 

4.  Nitrogen  oxides  (N0X)  estimates. 

5.  A  determination  of  the  air  quality  impact  of  motor  vehicles  at 
the  1-70/Quebec  Street  interchange.  (Vehicular  flow  rates  to  be 
provided  by  the  state.) 

6.  A  documentation  of  the  Mobile  3  data  base. 
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DISCUSSION  '  . 

The  air  quality  impact  of  the  runway  expansion  program  at  DEN  was 
determined  by  calculating  carbon  monoxide  (CO)  concentrations  at  seven 
receptors  placed  in  the  terminal  area.  The  geometrical  location  of  these 
receptors  as  related  to  the  runways  and  roadways  at  the  airport  is  shown 
in  Figures  1  through  5.  The  tool  used  in  assessing  pollution  at  the 
airport  was  the  Graphical  Input  Microcomputer  Model  (Glrtl)  (Reference  2). 

Two  'worst  case’  scenarios  were  prepared  in  order  to  calculate 
concentrations  from  aircraft  and  motor  vehicles  operating  at  the  existing 
and  expanded  runway  systems.  Results  from  the  first  scenario  analysis, 
which  included  weather  observations  for  two  specific  8-hour  time  periods, 
are  plotted  in  Figures  6  and  7.  In  all  instances  aircraft  concentrations 
were  reduced  when  the  new  runways  were  added. 

Results  from  the  second  scenario  analysis,  which  employed  estimated  'worst 
case*  1-hour  meteorology,  is  plotted  in  Figures  8  through  21.  The  highest 
combined  aircraft-motor  vehicle  concentrations  are  shown  in  Figure  17. 
These  concentrations  are  significantly  reduced  with  the  introduction  of 
the  expanded  runway  system.  Appendix  8  lists  the  computer  reports  from 
which  Figures  6  through  21  were  prepared. 


MODEL 

Glttl  is  a  complex  source  emissions/dispersion  model  with  an  emissions 
front  end  which  allows  fast  and  accurate  data  entry  and  'what  if' 
analysis.  The  model,  described  in  detail  in  Reference  2,  is  conceptually 
displayed  in  Figure  22. 

GIMi  is  compared  to  two  Environmental  Protection  Agency  <EPA>  models: 
Point-Area-Line  (PAL)  and  HIWAY  2  in  Figure  23  and  Reference  2.  The 
comparison  shows  GIW1  results  to  be  very  close  to  those  of  the  EPA 
mode  1 s . 

Before  running  GIMM  it  was  necessary  to:  (1)  establish  source  and 
receptor  locations,  (2)  estimate  vehicular  activity,  and  (3)  select  source 
emission  rates. 

Source  and  receptor  locations  are  shown  in  Figures  1  through  5,  and  the 
rationale  for  developing  data  on  aircraft  and  motor  vehicle  activity  and 
emission  rates  is  described  below. 


DATA  DEVELOPMENT  -  AIRCRAFT 

The  EPA  has  identified  four  operational  modes  for  aircraft  pollution 
assessment  purposes:  takeoff,  climbout,  approach  and  taxi-idle.  For  the 
purpose  of  this  study,  the  taxi-idle  mode  has  been  further  divided  into  a 
taxi  and  a  queue  mode. 
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Only  the  queue  and  takeoff  nodes  are  included  in  the  model  analysis 
because  climbout  and  approach  contribute  very  little  to  the  pollution 
burden  at  an  airport  (Reference  3).  The  queue  times  selected  lor  this 
study  were  15  minutes  for  the  existing  runways  and  3  minutes  for  the 
proposed  runway  configuration.  These  times  are  consistent  with 
capac i ty/denand  estimates  in  Reference  6.  Appendix  C  describes  the 
adaptation  of  Reference  6  data  to  this  study. 

Uhen  making  a  screening  analysis,  conservative  estimates  should  be  used. 
Peak  vehicular  activity  was  therefore  used  throughout  this  study.  The 
peak  hour  activity  of  aircraft  was  determined  after  reviewing 
documentation  on  actual  aircraft  departures  and  estimates  of  these 
departures  that  were  listed  in  computer  printouts  from  the  Official 
Airline  Guide  <0AG).  Aircraft  activity  at  1700  hours  on  August  19,  1986, 
was  selected  for  this  study.  Eighty-one  commercial,  general  aviation,  and 
air  taxi  aircraft  were  estimated  to  depart  from  DEN  during  that  hour. 

Emission  rates  were  extracted  from  Reference  4. 


DATA  DEVELOPMENT  -  MOTOR  VEHICLES 

Roadway  activity  was  calculated  from  hourly  traffic  counts  obtained  from 
Centennial  Engineering  Company.  Two  traffic  count  data  sets  were  provided 
by  Centennial  Engineering — one  cover ing  motor  vehicle  activity  on  city 
streets  and  the  other  covering  activity  along  terminal  roadways.  Parking 
lot  activity  was  also  observed  on  August  9,  1986.  Traffic  counts  at  the 
Quebec/Interstate  70  <I-70)  interchange  were  also  provided  verbally  by 
Centennial  Engineering.  From  these  data,  a  roadway  throughput  analysis 
was  prepared  and  vehicular  flow  on  each  roadway  segment  was  determined. 

The  results  are  listed  in  Figure  5. 

Traffic  counts  on  December  20,  1985,  and  August  9,  1986 — two  peak  activity 
times  for  motor  vehicles — were  used  for  this  roadway  analysis.  The 
traffic  at  the  I-70/Quebec  interchange  was  not  included  in  the  modeling 
analysis  since  we  had  not  received  these  data  from  Colorado  State 
personnel  at  the  time  the  model  was  run.  This  information  can  be  easily 
added  to  the  study  when  received.  Because  of  the  great  distance  between 
this  interchange  and  the  terminal,  concentrations  should  change  little 
when  this  additional  data  become  available. 

Peak  hour  activity  was  assumed  for  all  hours  modeled  regardless  of  whether 
the  hour  modeled  was  at  a  peak  value  or  not.  This  approach  provided 
conservative  air  quality  estimates  for  the  8-hour  data  sets  since  both 
8-hour  data  sets  extended  into  the  late  evening  hours  when  there  is 
significantly  less  than  peak  hour  activity. 

Emission  rates  are  calculated  by  a  Mobile  3  submodel  of  Gltti.  The 
Mobile  3  data  was  arranged  into  G1M1  format  by  performing  Lagrangian  and 
hyperbolic  interpolations  of  the  data  in  Appendix  1  of  Reference  5  for 
sources  operating  at  high  altitudes.  Mobile  3  outputs  are  listed  in  the 
emission  rate  columns  of  each  GIFW  printout. 

RESULTS 

Results  from  the  investigation  of  the  6  items  noted  by  the  CDH  are  as 
f ol 1 ows: 


Item  1  —  An  assessment  of  pollution  from  both  aircraft  and  motor 
vehicles  using  two  sets  of  8  consecutive  hours  of  meteorological  data 
provided  by  the  CDH. 

Most  pollution  from  aircraft  is  the  result  of  pre-takeoff  delays. 

These  delays  result  in  aircraft  queues  which  increase  the  time  that 
aircraft  engines  must  operate  on  the  ground.  In  just  about  every 
case,  these  queues  and  the  pollution  they  create,  are  reduced  or 
completely  eliminated  when  new  runways  are  added.  A  major  result  of 
runway  expansion  at  Stapleton  International  Airport  will  be  reduced 
delays  and  therefore  reduced  pollution  from  aircraft. 

The  air  quality  impact  of  motor  vehicles  alone  is  documented 
in  Reference  1  and  Item  3  below. 

Item  2  —  An  assessment  of  the  pollution  from  motor  vehicles  and  aircraft 
using  1-hour  "worst  case"  meteorology.  This  assessment  would  consist  of 
the  addition  of  aircraft  to  the  motor  vehicle  analysis  of  Reference  1. 

The  conclusion  of  Item  1,  which  was  for  the  8-hour  analysis,  also 
applies  to  the  1-hour  analysis. 

Item  3  —  The  expansion  of  the  motor  vehicle  analysis  of  Reference  1  to 
include  a  wider  variety  of  wind  directions.  The  CDH  suggested  the 
modeling  of  180,  200,  225,  and  330  degree  wind  directions  because  only 
westerly  wind  directions  (240  and  270  degrees)  were  modeled  in  the 
original  study. 

After  modeling  the  dispersion  of  pollutants  under  the  four  additional 
meteorological  cases  noted  above,  the  assumption  in  Reference  1  that 
the  highest  concentrations  would  occur  at  the  three  receptors  closest 
to  the  terminal  was  confirmed.  However,  the  wind  angle  at  which  peak 
concentrations  occured  changed.  Revised  peak  concentrations  are  as 
follows:  Receptor  1-30  mg/m3  at  a  wind  angle  of  330  degrees; 
Receptor  2-30  mg/m3  at  a  wind  angle  of  200  degrees;  and  Receptor  3  - 
29  mg/m3  at  a  wind  angle  of  240  degrees.  These  values  were  obtained 
from  the  passenger  vehicle  listings  of  Appendix  A  plus  an  assumed 
average  concentration  for  buses  of  1  mg/m3. 

Item  4  - —  NOx  Estimates 

For  all  the  modeling  runs,  NOx  as  well  as  CO  concentrations  were 
printed  out.  Appendix  B  lists  these  data. 

Item  5  —  A  Determination  of  the  Air  Quality  Impact  of  Motor  Vehicles  at 
the  1-70  Quebec  Street  Interchange.  (Vehicular  flow  rates  to  be  provided 
by  the  state.) 

This  portion  was  not  completed  because  traffic  counts  which  were  to  be 
provided  by  Colorado  State  personnel  were  not  received.  However,  it 
appears  that  1-70/Quebec  Street  traffic  will  not  appreciably  affect 
the  conclusions  of  this  study. 

Item  6  —  Documentation  of  the  Mobile  3  Data  Base. 

The  Mobile  3  submodel  of  GTKM  performs  Lagrangian  and  hyperbolic 
interpolations  of  the  data  in  Appendix  I  of  Reference  5.  Mobile  3 
outputs  are  listed  in  the  emission  rate  columns  of  each  GIMM  printout. 
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CCESS  ROADWAYS  -  STAPLETON  INTERNATIONAL  AIRPORT 
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APPENDIX  A 


PRINTOUT  OF  MOTOR  VEHICLE  POLLUTION 
FOR  DIFFERENT  WIND  DIRECTIONS  -  APPENDAGE 
TO  REPORT  FAA-EE-86-7  (REF.  1) 


This  appendix  is  a  printout  of  the  motor 
vehicle  pollution  for  roadways  at  Stapleton 
International  Airport.  It  repeats  the  printout 
of  wind  directions  240  degrees  and  270  degrees 
in  Ref.  1  and  adds  the  printouts  for  wind 
directions  of  180,  200,  225,  and  330  degrees. 
The  date  header  on  each  printout  represents 
the  day  that  the  run  was  made. 
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Figures  6  through  21  were  prepared  from  the 
printouts  listed  in  this  Appendix.  These  data 
include  the  following  combinations  of  information: 


1.  8-hour  and  1-hour  analysis 

2.  motor  vehicles  and  airplanes 

3.  existing  and  future  runways 

4.  north  and  east  departures 

The  interrelationship  of  these  combinations  is  shown 
in  Figure  B-l . 

To  facilitate  Graphics  Tablet  use,  the  wind  direction 
values  listed  in  the  printouts  had  to  be  referenced 
from  the  top  of  the  page.  This  required  rotating 
the  maps  of  Figures  1-5  from  a  vertical  north 
orientation.  The  user  of  Appendix  B  data  must 
therefore  subtract  90  degrees  from  all  listed  wind 
angles  to  establish  the  true  wind  angle. 


The  graphics  tablet  relates  all  coordinates  to  a  (0,0) 
map  origin.  Since  the  origin  of  the  large  scale  map 
(Figure  1)  is  (0,0),  and  aircraft  coordinates 
are  entered  from  this  map,  these  sources  do  not  have 
to  be  corrected.  However,  the  coordinate  printouts 
for  motor  vehicles  have  to  be  corrected  because  thev 
are  entered  into  the  Graphics  Tablet  from  the 
small  scale  map  (Figure  5)  which  has  a  non-zero  origin 
of  (200,2800). 
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COMPUTER  PRINTOUT  SUMMARY 
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APPENDIX  C 

AIRCRAFT  CAPACITY/DEMAND  ANALYSIS 


1.  Introduction 


The  aircraft  pollution  burden  is  determined  by  modeling  aircraft  queuing 
emissions.  A  capacity/demand  analysis  is  required  to  estimate  this 
burden.  The  demand  portion  of  this  analysis  is  described  in  section  3.3.1 
of  the  main  report.  The  capacity  analysis  is  made  by  selecting 
north-south  and  east-west  runway  configurations  from  Reference  6  that  were 
determined  to  be  "worst  case"  with  respect  to  air  quality  and  therefore 
appropriate  for  air  quality  analysis. 

2.  Runway  Usage  Selection  for  Air  Quality  Analysis 

Departures  to  the  east  or  to  the  north  were  selected  as  the  appropriate 
runway  geometries  to  use  in  this  air  quality  analysis.  These  two 
geometries,  which  were  part  of  the  seven  geometries  listed  in  Reference  6, 
were  selected  because  they  place  aircraft  emissions  closest  to  the 
pollution  receptors  at  the  terminal  and,  therefore,  would  record  the 
highest  possible  pollution  values. 

For  each  of  the  runway  geometries  listed  above,  two  capacity  values  are 
listed  in  Reference  6;  one  during  flight  under  Visual  Flight  Rules  (VFR) , 
and  the  other  during  flight  under  Instrument  Flight  Rules  (IFR) .  The 
values  listed  under  VFR  were  selected  for  this  analysis  because  they 
predominate  under  the  "worst  case"  meteorological  conditions  provided  by 
the  CDPH. 

3.  Delay  calculations 

A6  was  mentioned  in  the  main  text  of  this  report  (section  3.3.1), 

81  aircraft  were  estimated  to  depart  from  the  airport  during  the  peak 
hour.  For  the  existing  configuration,  these  aircraft  are  assumed  to 
depart  on  two  parallel  runways  either  to  the  east  or  to  the  north. 
Departures  would  therefore  consist  of  40  airplanes  on  one  runway  and  41  on 
the  other. 

During  the  peak  hour  there  would  be  pressure  to  disperse  these  aircraft  to 
the  third  proposed  runway.  Assuming  an  even  split  over  the  three  runways, 
the  departure  rates  would  be  27  aircraft  per  hour  on  each  runway. 

The  total  VFR  capacity  from  Reference  6  is  150  aircraft  per  hour. 

Assuming  the  takeoff  portion  of  this  capacity  is  88  aircraft  per  hour  or 
slightly  greater  than  one  half,  the  following  equation  from  Reference  7 
can  be  used  to  calculate  delays  prior  to  takeoff: 

•7-  HjCbO  mihA  R  “  demand  (airc./hr) 

I  —  — —  » - ■ - Q  -  capacity  (airc/hr) 

l)  T  “  queue  time  (min.) 


DELAY  CALCULATIONS  FOR  EXISTING  RUNWAY  SYSTEM 


Assuming  a  Poisson  distribution  of  aircraft  arriving  at  aach  of  the  two 
takeoff  queue  areas: 

T  _  C <qQ  j*hVQ  ,  +  j 

4-4  (OrA-  —  40}  “  ^  ,r>'  (runway  1^ 


T'.  4-1  ■)  .  _  .  , 

T  "  44_  ^ 44.  -  4-1  ^  ^  min./  Jh  ifcC. 


runway 


For  conservatism  a  15  minute  queue  time  was  selected.  With  a  departure 
rate  of  1  1/2  airplanes  per  minute  the  peak  queue  length  would  be 
10  airplanes.  This  value  is  consistent  with  queue  lengths  reported  by 
tower  personnel  during  peak  hours.  It  is  now  possible  to  use  this  takeoff 
capacity  estimate  to  calculate  the  decrease  in  queue  time  with  the 
additional  runways. 

DELAY  CALCULATIONS  FOR  EXISTING  +  PROPOSED  RUNWAYS 

Assume  that  the  proposed  east-vest  or  north-south  runways  are  in  place  and 
that  during  peak  hours  scheduled  departures  will  be  evenly  directed  to 
these  three  runways  (27-27-27).  Assume  that  each  runway  has  a  takeoff 
capacity  of  44  (1/2  of  88)  departures  per  hour. 


Under  these  conditions: 
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(all  3  runways  ) 


To  be  conservative  3  minutes  was  selected 
Therefore,  aircraft  queues  at  each  runway  will  be: 

PRESENT  CONFIGURATION  -  15  minutes 

PROPOSED  CONFIGURATION  -  3  minutes 
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